Our earlier results obtained for moments of inertia (M) in the case of 54 rotational level bands built on the ground state of actinide nuclei are taken for further analysis. In the current paper, resulting dynamic rotational characteristics, such as 0 , 1 , 0 and the R 4/2 parameter, are studied from the standpoint of their dependence on the valence nucleon number product N N and on the variable P = N N /(N + N ). New features of the nuclei deformation phenomenon in the actinide area arise when their dynamic rotational characteristics, mentioned above, are plotted in such a way as shown in the current work. The method of analysis presented here makes it possible to reveal nuclei with valence nucleon numbers for which the nuclear interactions are notable and those in which they are inconspicuous. E. g. when N N < 200 and P < 6 the strength of nuclear interaction gradually decreases with the increase of these variables. The strength of the nuclear interaction does not change significantly for N N > 200 and P > 6 -the rotational characteristics stabilise. Moreover, it is possible to establish the P variable as representing the effective number of interactions of each valence nucleon with those of the other type. 
Introduction
The wide analysis of dynamic rotational characteristics, as well as the systematic features in the dependence on mass number A, is presented in paper [1] for 14 elements in the actinide region (see Appendix 1) . The investigated area of the mass numbers covers the range of 217 A 256, proton numbers 87 Z 100, and neutron numbers 130 N 156. All the nuclei in the analysed region have proton numbers larger than 82 and neutron numbers larger than 126. The lowest number of protons over the magic number 82 is five and matches Fr isotopes while the greatest excess proton number is 18 and relates to Fm; in the case of neutrons, the number of neutrons in excess of the magic number 126 is between 4 and 30.
For a long time it has been suggested (see [3] [4] [5] ) that the alternative presentation of nuclear characteristics might be more valuable when either the numbers of valence nucleons product N N is taken along the abscissa (ξ axis) or, eventually as in [6] , ξ = P = N N /(N + N ). In our paper N is the number of valence protons off the proton shell with Z = 82 and N is the number of valence neutrons off the neutron shell with N = 126. Such an approach is based on the recognition of the importance of the proton-neutron force [3] . The product of valence nucleon numbers N N is a measure, in a qualitative way, of the proton-neutron interaction strength of quadrupole type, as it was demonstrated in [3] . In [4] the authors write "...the quantity N N provides an excellent unit to assess the rapidity of different transition regions; that is, the slopes of different observables plotted against this quantity are related to the average interaction strength, per proton-neutron pair, in the crucial highly overlapping orbits whose occupation induces the phase transitions." On the other hand, according to the interpretation held in [6] , the P variable is supposed to represent the average number of interactions of each valence nucleon with those of the other type. The authors of this paper write about the variable P: "It is also clearly related to the relative integrated strengths of the − and like-nucleon-pairing interaction". The plots of such data as 0 , 1 , 0 and R 4/2 against the dependence on P can be now used to describe collectivity (in a way similar to that which was applied in [6] for R 4/2 ) in the area of the actinide nuclei, the direct physical interpretation of the quantity P being given above. The factor which is dominant in inducing deformation of nuclei is the proton-neutron type interaction between valence nucleons in the highly overlapping nucleon orbits [5] . So, the need for such research, as presented here, has arisen during the analysis of our former results and after comparing them with the data obtained by other authors. The method of analysis presented now makes it possible to determine the areas of nuclei with valence nucleon numbers for which the nuclear interactions are notable and these for which they are inconspicuous. Moreover, it is possible to establish the P variable to represent the effective number of interactions of each valence nucleon with those of the other type. , and appears at N N = 98, which strongly exceeds the value corresponding to the calculated moment of inertia for the solid body (see [7] ). The physical reasons for such situations are discussed in [1] . It is interesting to notice that for 256 Fm (Z = 100 and N = 156) the value for 0 = 124 MeV
Results obtained for fitting coefficients
so it is below the general level at N N = 540 (Fig. 1a) . The reciprocal quantitative relations of 0 values for eveneven, even-odd, and odd-even nuclei are best shown in Fig. 1d . Comparing the curves of the dependences of 0 = (N N ), which are presented together in this figure, it can be noticed that the values of 0 which correspond to the even-even nuclei (black points) are, on average, placed lower than the respective values for even-odd and oddeven nuclei. The so-called even-odd effect can be seen very well (see also [1, 7, 8] ). The odd neutron or proton, which existing in the nuclei which are in the bandhead level of the rotational bands (A-odd nuclei), causes the values for the moment of inertia 0 to be larger when compared with those of the even-even nuclei. . With increasing P, the values of 0 also increase, however more slowly, and when 7 < P < 10 they reach the steady value of about 140 MeV . When the average number of interactions of each valence nucleon with the nucleons of the second type, P, surpasses six, the further increase of the valence nucleons numbers does not affect the change of deformation of the nuclei, and the change of their moments of inertia 0 . In Fig. 2d it is clearly seen that the minimum P value for the investigated even-even nuclei is about four while for the odd-even nuclei it is equal to about two. In the case of the odd-A nuclei the values 0 of the moment of inertia for the corresponding values of P, the same as for even-even nuclei, are somewhat greater. Thus for a given P value, the existence an odd neutron or proton in the nucleus increases the value of 0 . General tendency for 0 values to increase, but with different rate observed in the set of points in Fig. 2d , in the range of the value of the coordinate ξ = P ≈ 2 − 10, reveals a similarity to that presented in Fig. 1d for the range ξ = N N = 20 − 420. The decreasing slopes of the curves in Fig. 1d and 2d in the regions 20 < N N < 200 and 2 < P < 6 respectively lead to the conclusion that the nuclear interactions of valence nucleons decrease in the mentioned regions, with respect to the increase of the values found on the abscissa. Above the values of N N = 200 and P = 6 those interactions are inconspicuous and do not cause any significant changes of the 0 values. It is worth noticing the small lowering of the 0 value for 256 Fm at P = 11 25 ( Fig. 2a) and two extremes at P = 4 67 and P = 8 43 for 229 Ac and 245 Am respectively (Fig. 2d) . 
The analysis of 1 values
In Fig. 3a and 3b it is clearly seen that the coefficients of polynomials 1 , (which describe the slope of the plots M( ) in the vicinity of = 0) presented in terms of the dependence on ξ = N N or ξ = P show only a slight decreasing trend. Starting from N N = 200 and P = 6, the course stabilises horizontally with respect to the abscissa and the 1 values group close to zero. Two points, which correspond to 229 Ac and 245 Am, on the mentioned Figures are very clearly localised lower in the negative value region at N N = 98 and P = 4 67 in the first case and at N N = 312 and P = 8 43 in the second. That course being horizontal with respect to the abscissa ( Fig.  3a and 3b ) means that the two physical effects, pairing correlation and centrifugal stretching, balance quite well with the increase of the angular momentum , but only in the region where angular momentum is close to zero. The point on the axis ξ where the horizontal course of 1 = (P) function starts to be stabilized, i.e. ξ = P = 6, reveals the so-called effective number of valence nucleons. The increase of the number of valence nucleons above the effective value (when P = 6 and N N = 200) does not affect the nuclear interaction force and then does not influence the character of the moment of inertia M( ) = 0 change, i.e. in the area where the angular momentum , in the formula (1), is close to zero.
The graphs of the functions 1 = (N N ) and 1 = (P) in the regions where arguments ξ take values below ξ = N N = 200 and ξ = P = 6 respectively show their tendency to decrease only slightly with the increase of the values on the abscissa. The fact that while the number of valence nucleons of nuclei in a shell increases, but it remains lower than the effective number (i.e. when N N < 200 and P < 6 correspondingly), and that the 1 parameter decreases only slightly, reveals that the slope of the graph of M( ) (when ≈ 0) is positive, but systematically decreases at the transition to the region of the nuclei for which the values of N N or P grow. It indicates the dominance of the effect of pairing correlation over centrifugal stretching effect, when we go from the nuclei with smaller P to the nuclei with larger P, but still 2 P 6. It is worth noticing that at the starting area of both diagrams in Fig. 3a and 3b , only a slight split of the courses for the even-A nuclei and odd-A nuclei can be observed.
The analysis of the 0 "compliance" parameter values
The earlier presentation of the "compliance" parameter 0 was done in the diagrams in dependence on mass number A for the groups of even-even, even-odd and odd-even nuclei [1] . Fig. 4a and 4b in the current elaboration reveal new features of the susceptibility of nuclei to deformation in comparison with those described previously. When the numbers of valence nucleons product N N < 150 and when P < 5 a clear split in the Fig. 4a and 4b can be seen. It is more noticeable in the Fig. 4b . The calculated points for the nuclei with odd mass number A follow decidedly a different course than the points for even-even nuclei. In other words, when the average number of valence nucleons which interact with a given type nucleon defines P < 5, so for the fixed P value, two "compliance" parameter 0 values appear, but the values of 0 for even-even nuclei are larger. That means that for a given number of valence nucleons interacting with the nucleon of a given type, provided that P < 5, the even-even nuclei are "softer", so they are more susceptible to deformation than odd A-nuclei. Moreover, it can be noticed that, in view of the split of the run in the first part of the graph (in the area where P < 5), the same "compliance" 0 corresponds to two different values of P. Additionally, we can note that the (negative) slope of the graphs of the functions 0 = (N N ) and 0 = (P) for the N N < 150 and P < 5 ranges, in the part responsible for even-even nuclei, is larger than for the odd-A nuclei. It probably means that in the group of even-even nuclei the nucleus transition process, to the state in which the nucleus is less susceptible to deformation, is easier with the increase of N N or P than in the group of the odd-A nuclei. For the values of N N > 150 and also for P 5 the courses of the discussed dependences are observed as parallel to the abscissa ξ in both Fig. 4a and 4b and the values of 0 parameter stand near 0 = 0. That means that for the actinide nuclei with the valence nucleon number larger than those for which N N = 150 and P = 5, the deformation of nuclei does not occur more strongly, and the nuclei do not get more susceptible to deformation and reconstruction during rotation. This is only for the angular momentum = I(I + 1) − I 0 (I 0 + 1) = 0; subsequently M( ) = 0 while 1 ≈ 0.
Two points deviate from the general tendencies presented on these figures i.e. the values for 229 Ac and 245 Am.
Figure 5.
The ratio R 4/2 = E 4 /E 2 for even-even group of the actinides, in the dependence on the N N product -in part ( ) and on the P values -in part ( ), as described there. Fig. 5 and 6 show the ratio R 4/2 = E 4 /E 2 plotted versus the N N product and P, respectively. The results of [9] are taken into consideration in Fig. 5 and our original results are in Fig. 6 . As it is mentioned in [6] , the ratio R 4/2 is a convenient indicator of nuclear structure research. In Fig. 6a Ra, which were obtained in our calculations (see Fig. 6b ) are a little above ∼ 3 0 when P = 3 75 for the first nuclide and close to 3.2 when P = 4 for the second nuclide. In Fig. 6b the points are collected in the range of the abscissa 3 < P < 11, but at 4 P 5 the points are much more dispersed than in Fig. 6a in the initial region when plotting in dependence on N N . This increasing tendency is observed for R 4/2 values as they somewhat surpass ∼ 3 31 with P approaching 6 < P < 11. As mentioned in [3] and [4] for the nuclei with 38 < Z < 72, the E 4 /E 2 ratios reach the value of 2.0 for a quadrupole vibrator and 2.5 for a non-axial or γ-soft asymmetric rotor. The value 3.33 corresponds to a deformation of an ideal symmetric rotor. So, the values R 4/2 close to 3.3 at P = 6 − 11 (open circles in Fig. 6b ) are related to deformed nuclei in the region 87 Z 100, which behave like an ideal symmetric rotor (see also [6] ). In the mass number region for actinides (217 < A < 256) there is only one line observed when plotting the R 4/2 values versus N N or P, as can be seen in Fig. 6a and 6b. The range of the mass number A values is only 40 and thus more than a factor of two lower than for the heavy nuclei in [6] . As it can be deduced from the points in Fig. 6a and 6b , the slopes of the curves are positive and considerable for 50 < N N < 150 and 3 < P < 5. Then for the larger N N and P values the position of the lines is nearly parallel to abscissa. It can be noticed that a transition to a deformation such as an ideal symmetric rotor occurs when the numbers of valence protons and neutrons reach the values for which each valence nucleon interacts, on average, with 5-6 nucleons of the other type. The similar effect can be observed in [5] for lighter nuclei with 170 < A < 190. The systematics presented in Fig. 6a with relation to N N values on ξ axis, can be fairly well described with the use of a smooth curve. Only a few points deviate from the smooth curve in Fig. 6b (e.g. the data for 244 Pu at P ≈ 8). The coordinate on the ξ axis of the first part of the horizontal course of the function R 4/2 = (P) determines the so-called effective number of valence nucleons. This number determines a starting point where the R 4/2 = (P) curve lies along abscissa.
The analysis of the R 4/2 values for the even-even group of the actinide nuclei
• The horizontal position of the curves in Fig. 6a and 6b when N N > 150 and P > 5 reflects the filling of crucial orbits.
• The occupation of the crucial highly overlapping orbits determines effective numbers of valence nucleons (see [6] ).
• The effective proton and neutron numbers reach values such that, on average, each valence nucleon interacts with 5-6 nucleons of the other type (P = 5 − 6).
• For N N < 150 and P < 5 the R 4/2 variable grows fairly systematically (the character of the graphs 6a and 6b gives evidence to the fact), but the rate of its growth with the increase of N N or P decreases. According to the interpretation given in [4] the strength of nuclear interaction described by the slope of the tangent line of the diagram's curve decreases with the increase of the values on the abscissa ξ (in Fig. 6a and 6b ).
• For N N > 150 and when P > 5 the R 4/2 values have already been stabilised. Any further increase of the number of nucleons above the effective value does not increase the value of R 4/2 (Fig. 6a,  6b ). This means that the strength of the nuclear interaction decreases and establishes itself as an inconspicuous value.
Summary
The courses of all investigated dependences are located to essentially smooth curves. Only the data for 229 Ac and (Fig. 1) . The odd-even effect is clearly noticeable. This means that the odd neutron or proton occupying the bandhead level of the rotational bands (A-odd nuclei) causes, for given N N or P values, the nuclei moment of inertia 0 values to be larger, compared with those of the even-even nuclei ( Fig. 1d and 2d) . It can be observed that this effect is becoming less distinctive for P > 7. When increasing P in the range 2 P 5, for the analysed nuclei, the effect of pairing correlation can be observed as dominant over the centrifugal stretching effect. For P > 6 both effects balance well. It is the result of the fact that the slope ( 1 ) of the M( ) function (when ≈ 0) is positive but is systematically decreasing in the region of nuclei where N N or P increases (Fig. 3a and 3b) .
It is worth noticing that in the first part of both graphs in Fig. 4a and 4b , a distinct split of the courses of 0 = (N N ) and 0 = (P) dependences for the even-A nuclei and odd-A nuclei can be observed. The "compliance" 0 values for even-even nuclei are therefore larger than the corresponding values for the odd-A nuclei. As a result, for a given average number of valence nucleons, P, interacting with the nucleon of a given type, providing that P < 6 and N N < 150, the even-even nuclei are softer and as such they are more susceptible to deformation than the odd-A nuclei. The slope of the dependences 0 = (N N ) and 0 = (P) in the range of N N < 150 and P < 6 is larger for even-even nuclei than for odd-A nuclei. It may lead to the conclusion that the transition process to the region of lower susceptibility to deformation is easier with the increase of N N or P values rather in the group of even-even nuclei than in the group of odd-A nuclei. 
Appendix 1
The research undertaken in [1] was aimed mainly at finding the relation between the moment of inertia M = 2J 2 and the angular momentum for the rotational levels which are built on the ground states, for even-even nuclei and for the nuclei with odd mass number A. 
and they were of use to obtain the fit functions for M( ). The energy of levels E * , E 0 and the quantum number of angular momentum I, for each level in the rotational band together with I 0 for the bandhead level, used for evaluating the variables , were taken from [2] . In order to get the information on the behaviour of the moment of inertia, M, during the rotation, the following expansion in a series for M( ):
was accepted. The analysed physical magnitudes were moments of inertia M( ) as dependent on for all 54 nuclei. The fitting coefficients for polynomials such as the moments of inertia 0 for the bandhead levels when = 0, coefficient 1 and further terms were calculated using the least squares method and were put in order in tables in paper [1] . The 0 = 1 / 0 "compliance" parameter and the values of R 4/2 = E 4 /E 2 are all collected there in tables as well. The indexes 4 and 2 in last formula denote the quantum number of angular momentum I for the appropriate level energy. One can note easily that the slope coefficients of the M( ) functions for = 0 are given by the 1 values. "Compliance" parameter values are a measure of the deformability of a nucleus and its ability to be reconstructed due to rotation; = 0 for I = I 0 . These coefficients and parameters were presented in dependence only on A [1] ; they have the physical sense mentioned above. In the cases which were investigated it was possible to describe the energy of rotational levels with the use of polynomials of degree for M( ), the relative deviation for energy being not larger or only slightly larger than 1%. In [1] we explained: "We consider our results in the frame of approach when the formula (1) is reasonable. As was mentioned in [23] 1 it is obligatory when nuclei can be described as strongly deformed spheroids rotating around an axis perpendicular to their axis of symmetry. For these nuclides, the energies of vibrations and the energies necessary to split nucleon pairs appreciably exceed the rotational energy. Proportionality E to I(I + 1) taken in equation (1) Ac may be regarded as a reliable one due to the fact that the experimental data on energies of levels according to [25] 3 are identical to those given by [11] 4 . What is more, the 0 value for 229 Ac considerably exceeds the value corresponding to the moment of inertia of a rigid body according to [9] 5 . In [26] 6 the authors noted that there is lack of apparent rotational structure in the actinium isotopes and that these isotopes are outside the region of stable spheroidal deformation. For the odd-A nucleus 229 Ac, the band is based on the high intruder orbital 3/2[651] and the abnormal behaviour of its moment of inertia is exactly one of the typical properties of such an orbital."
